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Overview 
 Feeding Biofuel Co-products to Dairy Cows 
 Challenges of Feeding Biofuel Co-products 
 Benefits of Feeding Biofuel Co-products 
U.S. Dairy Forage Research Center May 20, 2015 2 
  
Challenges and Benefits of Biofuel Coproducts in Dairy Cattle Diets 
Dr. Kenneth Kalscheur –  South Dakota State University 
Feeding Distillers Grains 
To Lactating Cows 
Questions Regarding Distillers Grains 
in Dairy Cow Diets 
 How much co-product (DDGS) can be 
 included into dairy cow diets? 
 How does the inclusion of co-products 
 (DDGS) affect milk composition? 
 Milk fat % 
 Milk protein % 
 What other dietary factors limit the inclusion 
 of co-products? 
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Question – What is the typical level of 
inclusion of distillers grains in diets?  
Survey of 2014 survey (n=37)  
 5% inclusion – 46% 
 10% inclusion – 32.4% 
 15% inclusion – 10.8% 
 20% inclusion – 5.4% 
 25% inclusion – 5.4% 
 
Eastridge, M.L. 2015. Impact of the Tri-State Dairy Nutrition Conference. pp. 5-6. 
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Factors Affecting Milk Fat Production 
? 
1.  High concentration of PUFA (polyunsaturated fatty acids) 
2. Fiber/Forage 
    A.  Amount of forage 
    B.  Physical form of fiber 
3.  Fermentability of diet 
     A.  Amt. of starch 
     B.  How quickly is it 
           fermented? 
     C.  Rumen pH 
4. Other 
factors 
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Factors Affecting Milk Fat Production 
MFD 
1.  High concentration of PUFA (polyunsaturated fatty acids) 
2. Fiber/Forage 
 A.  Amount of forage 
 B.  Physical form of  
      fiber 
3.  Fermentability of diet 
 A.  Amt. of starch 
 B.  How quickly is it 
              fermented? 
 C.  Rumen pH 4. Other 
factors 
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 Recommendations To Avoid  
Milk Fat Depression 
 In addition to formulating diets for adequate NDF 
concentration, assessment of particle size of the 
TMR needs to be considered. 
 
 Use of highly fermentable feeds will alter rumen 
fermentation and lead to milk fat depression. 
 
 The amount and fat composition of other 
feedstuffs included in the diet will help decide how 
much distillers grains can safely be added. 
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 Recommendations To Avoid  
Milk Fat Depression 
 Predicting when the addition of DDGS will lead to 
milk fat depression is complex and is a function of 
several different factors. 
 
 While one of these factors could cause lower milk 
fat production, a combination of these factors 
certainly can and does. 
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DDGS as a Replacement  
for Starch 
• Ranathunga et al. (2010) J. Dairy Sci. 93:1086-
1097. 
– Replaced starch from corn with non-forage 
fiber from DDGS to evaluate milk production, 
milk composition, and feed intake and 
efficiency in lactating dairy cows. 
– Basal diet included 27% corn silage, 22% 
alfalfa hay, and 51% concentrate. 
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Diet Ingredients 
 
Item 
Starch in diet, % of DM 
    29     26    23     20 
Corn silage 27.0   27.0   27.0 27.0 
Alfalfa hay 22.0 22.0 22.0 22.0 
Ground corn 35.0 29.3 23.6 17.9 
SBM 44% 4.5 3.2 1.9 0.6 
Soyplus 8.4 5.6 2.8 0.0 
DDGS 0.0 7.0 14.0 21.0 
Soybean hulls 0.0 3.2 6.4 9.6 
Energy Booster 1.4 1.0 0.7 0.4 
Min. & vit. mix 1.7 1.7 1.7 1.7 
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DDGS as a Replacement  
for Starch 
 
Item 
Starch in diet, % of DM 
29 26 23 20 SEM 
DMI, kg/d 25.6 25.0 23.4 22.9 0.72L 
Milk, kg/d 39.4 37.4 37.7 38.3 1.03 
Fat, %   3.14     3.22   3.29   3.24 0.11 
Protein, %   2.97   2.96   3.01   2.94 0.04 
MUN, mg/dL 11.7 12.2 11.6 12.2 0.38 
ECM/DMI   1.47   1.47   1.54   1.61 0.06LT 
LLinear treatment effect (P < 0.01). 
LTLinear treatment effect (P < 0.10). 
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DDGS as a Replacement  
for Starch 
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Income Over Feed Cost 
 
Item 
Starch in diet, %  
29 26 23 20 
Milk income ($/cow/day) 12.3 11.7 11.8 12.0 
Feed cost ($/cow/day) 4.91 4.53 3.94 3.49 
IOFC ($/cow/day) 7.02 7.40 7.98 8.44 
Based on average prices from 2003 to 2008. 
An economic advantage of $1.42/cow per day was observed in this study when 
feeding the 20% starch diet compared with the 29% starch diet. 
As there was no treatment effect for milk yield, average milk income of $11.9 
was used in IOFC calculations. 
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Comparison of Low-fat DDGS with 
Traditional DDGS 
• Mjoun et al. (2010) J. Dairy Sci. 93:3176-3191. 
– Investigated the inclusion of a low-fat DDGS 
(LFDGS) in dairy cow diets at similar dietary 
CP concentrations.  
– LFDGS replaced a combination of SBM 
(44%), expeller soybean meal, and soyhulls. 
– Basal diet included 25% corn silage, 25% 
alfalfa hay, and 50% concentrate.   
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Diet Composition 
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Chemical Composition 
1Calculated at 50:25:25 of concentrate mix, corn silage and alfalfa hay respectively. 
2Forage NDF = 21.3% DM. 
3Estimated from NRC (2001). 
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Protein Fractions and AA Estimates 
1Estimated from NRC(2001) based on actual feed ingredients analysis and animal 
performance. 
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Intake and Milk Production (kg/d) 
ECM = 0.327  milk yield (kg) + 12.95  fat yield (kg) + 7.2  protein yield (kg). 
FE = ECM/DMI. 
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Milk Composition and Yield 
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Income Over Feed Cost 
Item CON DDGS RFDGS 
Milk income ($/cow/day) 12.7 12.6 13.2 
Feed cost ($/cow/day) 6.60 5.20 5.98 
IOFC ($/cow/day) 6.12 7.41 7.23 
Based on average prices from January 2003 to June 2013. 
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• Ten studies have been conducted using 3 types of 
low-fat distillers grains in lactating dairy cow diets: 
– Intake and milk production is equal or greater than control 
diets. 
– None of these studies resulted in lower milk fat 
percentages even at inclusion levels up to 30% of the diet. 
• Low-fat distillers grains can be an excellent ingredient 
for lactating dairy cow diets. 
 
Feeding Low-fat DDGS to  
Dairy Cows 
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What Does DDGS Replace in the Diet? 
 Depending on the nutrient composition, co-
 products are included as a source of protein, 
 energy and minerals. 
  DDGS often replaced soybean meals as a 
 source of protein and rumen-undegraded protein. 
  More recently, DDGS replaced a portion of corn 
 as a replacement for energy. 
  DDGS can be considered a mineral source and 
 replace more expenses sources of phosphorus, 
 if supplementation is required.  
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What Does DDGS Replace in the Diet? 
 In most cases, one part DDGS will replace 
 0.50 to 0.70 parts soybean feedstuffs and 
 0.30 to 0.50 parts corn or other energy feeds. 
  
 This will vary depending on the nutrient 
 composition of the co-product that will be 
 used. 
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Challenges of Using Biofuel Co-products 
 Nutrient variability: Nutrient composition of DDGS 
 can vary considerably among ethanol plants. 
 Factors contributing to variability include: 
Grain type and quality 
Milling and fermentation processes 
Drying temperature 
Amount of solubles blended back to the wet                          
 distillers grain before drying. 
 Lack of adjustment to changes in nutrient 
 composition can reduce animal performance. 
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 Protein and amino acid quality: 
Intestinal digestibility of protein can be good 
 (92%), but  slightly lower compared to 
 soybean proteins. 
Excessive heat can lower protein digestibility 
 and lysine concentrations. 
Lysine may be the first limiting amino acid in 
 corn-based diets. 
Recommendation is to blend DDGS with                     
 another protein source. 
 
Challenges of Using Biofuel Co-products 
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 Physically effective fiber: 
Although high in NDF, DDGS does not effectively 
 replace forage NDF in lactating dairy cows. 
Reducing physically effective fiber in diets alters normal 
 rumen fermentation potentially increasing the 
 incidence of milk fat depression. 
While DDGS may replace starch and byproduct fiber in 
 dairy cow diets, they do not replace forage NDF. 
Challenges of Using Biofuel Co-products 
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 Polyunsaturated fatty acids (PUFA): 
Distillers grains products are high in PUFA which can 
 potentially alter normal rumen function. 
The combination of PUFA and lack of physically 
 effective fiber can result in milk depression. 
If physically effective fiber is sufficient in diets with 
 biofuel co-products, milk fat depression can be 
 prevented. 
Challenges of Using Biofuel Co-products 
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 High mineral concentration: 
DDGS can be high in phosphorus and sulfur. 
High phosphorus concentrations will limit inclusion of 
 DDGS into diets in regions where soil phosphorus is 
 high. 
Excessive sulfur may reduce performance or in severe 
 cases, result in death.  This is highly unusual for dairy 
 cattle because inclusion levels of DDGS is not 
 typically high enough. 
Challenges of Using Biofuel Co-products 
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Benefits of Using Biofuel Co-products 
 Excellent source of nutrients, in particular,  
 protein, energy, and minerals. 
 Cost-effective ingredient compared to other 
 feedstuffs. 
 Lowers the cost of the diet without sacrificing 
 milk production.   
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Q U E S T I O N S ? 
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